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INTRODUCTION

Eosinophils and mast cells coexist in tissues in some benign conditions, and also in
bone marrow biopsies of patients affected by clonal diseases. Some clonal and non-
clonal disorders in which mast cells are affected are also associated with peripheral
eosinophilia. These disorders include such varied presentations as allergic and asth-
matic disorders, eosinophilic esophagitis (EoE), and both clonal and probably nonclo-
nally expanded lines within the category of malignancies.
Discussed are the complex interplay of eosinophils and mast cells in these disor-

ders. Also what is known about these disorders is described, a schematic in thinking
about these disorders in one rubric is offered, and treatment options, which are usually
tailored specifically to the patient presentation and underlying disorder, if it can be
elucidated, are discussed.

MAST CELL AND EOSINOPHIL BIOLOGY
Mast Cells

Mast cells derive from the pluripotent precursor cell (CD341, CD1171(Kit)). They
develop and mature with the influence of stem cell factor (SCF) via Kit, the
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KEY POINTS

! The interplay between mast cells and eosinophils is complicated and those interactions
are currently being studied.
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! The specific type of clonal disorder is important to diagnose correctly, because treatment
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transmembrane tyrosine kinase receptor for SCF.1 Many other cytokines, including
interleukins (IL) IL-3, IL-4, IL-5, IL-6, IL-9, and IL-15, can potentiate the growth and
maturation of mast cells.
Mast cells are a rich source of inflammatory mediators which include histamine,

prostaglandin D2, cysteinyl leukotrienes (LTC4), platelet activating factor, IL-3, IL-5,
IL-6, IL-16, and SCF. Mast cell products that likely provide some interaction with eo-
sinophils include IL-5, which is a potent growth and survival factor, CCL5 (RANTES),
which is a chemotactic molecule, chymase (eosinophil apoptosis suppressor), tumor
necrosis factor (survival and chemotaxis), heparin (stabilize eotaxins), and Kit, which
interacts with eosinophil-derived SCF to induce differentiation, proliferation, and acti-
vation of mast cells.2

Eosinophils

Eosinophils also derive from the pluripotent CD341 cell line. Granulocyte-macrophage
colony-stimulating factor, IL-3, and IL-5 are all growth factors for eosinophils. IL-5 is the
major cytokine that influences eosinophilopoiesis, as well as eliciting their activation
and chemotaxis.3 As discussed above, mast cells do produce both IL-3 and IL-5.
Eosinophil mediators includemany chemokines and cytokines. A notable feature of eo-
sinophils as a source of cytokines is that they store these cytokines preformed within
eosinophil granules and secretory vesicles. Some of these mediators that have poten-
tial for mast cell interactions include IL-3, IL-5, IL-6, IL-16, and LTC4. More recently IL-9
was found to be produced by eosinophils in the context of mast cell interactions in
EoE.4 Platelet activating factor is a known chemoattractant for eosinophils. IL-16, pros-
taglandin D2, and LTC4 are produced by eosinophils and eosinophils express receptors
for these agents, enhancing the interaction between mast cells and eosinophils.5

Therefore, in addition to interacting with each other, these 2 cells have the capacity
to influence the tissue microenvironment, which self-promotes their own existence
and attracts cells that help activate and stimulate them into the area (such as TH2
CD41 T cells, macrophages).

The Mast Cell-Eosinophil Pair

One interesting concept regarding the interaction between them is the existence of the
eosinophil and mast cell couplets or pairs, reported in papers from 2011 and 2013.6,7

The research was mainly done on tissues with allergic inflammation, and the authors
found several colocalized pairs of mast cells and eosinophils in human nasal polyps,
asthmatic bronchi, as well as in mouse atopic dermatitis tissues. In vitro, they found
that the 2 cells form stable conjugates and there is clear membrane contact estab-
lished between them. Eosinophils were more viable when mast cells were present,
dependent on soluble mediators and on physical cell contact (interestingly more so
in the presence of SCF-enriched media than in granulocyte-macrophage colony-stim-
ulating factor–enriched media). Mast cells were not as clearly affected or made more
viable by eosinophil coculture. They were found to influence each other in a paracrine/
physical pathway, using human and murine cells in vitro.7 This concept is discussed
later when discussing the role of anti-IL-5 in EoE.

NONCLONAL DISORDERS IN WHICH BOTH CELLS ARE PRESENT AND LIKELY DRIVE
DISEASE PATHOGENESIS
Asthma and Allergic Rhinitis

In allergic disorders, mast cells degranulate in response to immunoglobulin E–medi-
ated allergic stimulation. Mediators released locally recruit eosinophils to cause further
damage. Previous work has shown that both cells are present in asthmatic airways

Kovalszki & Weller2



more often than in patients without allergic asthma.8 They are also present in the nasal
fluid of patients with allergic rhinitis.9 Bronchoalveolar lavage (BAL) tryptase level,
albeit elevated, however, did not correlate with worse lung function in asthmatic pa-
tients. In the same way, in a study done to evaluate tryptase/mast cell burden in eosin-
ophilic pneumonia patients, while tryptase was elevated in BAL of these patients
versus normal controls, the actual level of elevation between those patients did not
correlate with lung function parameters.10

EoE

Both mast cells and eosinophils are present in biopsy specimens of patients with EoE.
There is a great mast cell signature in EoE,11 and the presence of mast cells has been
found to be useful in distinguishing between EoE and gastroesophageal reflux disease
in biopsy specimens.12 The relative contribution of both cell types to disease patho-
genesis is under investigation. Some patients with EoE respond to anti-IL-5 therapy.
In those who respond, mast cells were found to be decreased along with eosinophils
after therapy in biopsy specimens.4 Interestingly, these cells existed as couplets in
EoE as with other disorders mentioned above within biopsy specimens. The mecha-
nism under which this occurred was thought to be due to mutual cross-talk as others
previously had shown, as well as through the role of IL-9-producing cells (70% of
which were eosinophils per their evaluation). IL-9 produced by mostly eosinophils
served as a potent mast cell growth factor.

Idiopathic Hypereosinophilic Syndrome

In the general workup of uncharacterized eosinophilia, sometimes one reaches the
conclusion that a patient has idiopathic hypereosinophilic syndrome (HES) (no myelo-
proliferative criteria or lymphoproliferative criteria are met, no allergic cause is found,
no vasculitis or features of it are elucidated such as in eosinophilic polyangiitis with
granulomatous formerly known as Churg-Strauss syndrome) (Box 1, Fig. 1). In the pa-
per with the largest database of published HES patients from 2009, 20% of patients
without myeloproliferative variant HES or chronic eosinophilic leukemia (CEL) had
elevated tryptase levels (66% of the patients total had tryptase levels checked during

Box 1
World Health Organization criteria for systemic mastocytosis

One major and one minor criterion or 3 minor criteria must be met for diagnosis.

Major Criterion

Multifocal, dense aggregates of mast cells (15 or more) detected in sections of bone marrow
and confirmed by tryptase immunohistochemistry or other special stains

Minor Criteria

! In biopsy section, more than 25% of the mast cells in the infiltrate have atypical morphology,
or, of all the mast cells in the aspirate smear, more than 25% are immature or atypical

! Mast cells coexpress CD117 with CD2 and/or CD25

! Detection of KIT point mutation at codon 816 in bone marrow, blood, or other
extracutaneous organs

! Serum total tryptase persistently >20 ng/mL (not a valid criteria in cases of systemic
mastocytosis with associated clonal hematologic non-mast-cell lineage disease)

Adapted from Valent P, Horny HP, Escribano L, et al. Diagnostic criteria and classification of
mastocytosis: a consensus proposal. Leuk Res 2001;25:603–25.
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workup in this population).13 Idiopathic HES can be a-interferon-responsive,14 some-
thing that is also used to control systemic mastocytosis in more severe cases.15

CLONAL DISORDERS AFFECTING MAST CELLS AND EOSINOPHILS
Chronic Eosinophilic Leukemia

FIP1L1/PDFGRA-positive HES, described in 2003, also variably called myeloprolifer-
ative HES versus CEL, is the most significant entity in which an aberrant population of
eosinophils is found with increased numbers of mast cells. These eosinophils are acti-
vated to cause end-organ damage, and there are elevated numbers of mast cells as
well as serum tryptase levels. However, the mast cells do not carry the c-kit D816V
mutation typically associated with mastocytosis nor do they cause any clinical symp-
toms of systemic mastocytosis.16 Eleven percent of HES patients have this muta-
tion.13 The mutation is found in eosinophils, neutrophils, mast cells, T lymphocytes,
B lymphocytes, and monocytes; hence, a pluripotent hematopoietic progenitor cell
is affected. However, it seems to preferentially cause expansion of the eosinophil
and mast cell populations.17 Dysplastic eosinophils and spindle-shaped mast cells
are present, along with a hypercellular marrow, and usually elevated B12 and tryptase
levels (Fig. 2). The mast cells also have CD25 positivity, yet they do not usually have
the CD2 positivity often seen in systemic mastocytosis.18 Tryptase levels seem to at
least partially normalize in response to imatinib treatment, like the eosinophilia does.19

CEL associated with F/P mutation can be confused with systemic mastocytosis due
to the histopathologic and immunohistochemical features of mast cells shared among

Fig. 1. Workup of uncharacterized eosinophilia. 1. World Health Organization criteria for
systemic mastocytosis (see Box 1). 2. Tyrosine kinase mutations in chronic eosinophilic leu-
kemia. Including but not limited to FIP1L1-PDGFRA fusion, fusion of PDGFRA with other
partner genes, fusions involving PDGFRB. 3. Formerly known as Churg-Strauss syndrome.
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the 2 disorders. As mentioned above, mast cells in both of these disorders are spindle-
shaped and express CD251, which is an abnormal marker. However, they do not form
compact aggregates, express CD2, or carry c-Kit D816V mutation in CEL. This confu-
sion has contributed to the suggestion of imatinib as a therapy for mast cell disease in
earlier reports, whereas an overwhelming majority of mastocytosis cases do not
respond to imatinib due to the presence of D816V c-Kit mutation rendering resistance
to this drug.20 Therefore, establishing the correct diagnosis is crucial for selecting the
appropriate therapy. One paper suggests an algorithm based on the extent of eosin-
ophilia and tryptase levels (see discussion below).16

Mastocytosis

Most patients with mastocytosis carry a D816V gain-of-function mutation in KIT, the
gene encoding the c-kit receptor. There are limited data that SCF overexpression
may play a role in some cases.21,22

Up to 28% of patients with systemic mastocytosis have peripheral eosinophilia,
greater than 650 cells/mm3, although the frequency increases in advanced forms of
mastocytosis.16,23 Eosinophilia is frequently noted in bone marrow biopsies and aspi-
rates even in patients without significant peripheral eosinophilia (Fig. 3). Histopathol-
ogy on these patients is usually positive for aberrant expression of CD21 and CD251.
CKIT D816V mutation is positive in bone marrow or peripheral blood by sensitive PCR
techniques24; no mutation for the FIP1L1-PDGFRA fusion is present. The CKIT

Fig. 2. Bone marrow biopsy and aspirate in a patient with chronic eosinophilic leukemia car-
rying the FIP1L1-PDGFRA rearrangement. Increased numbers of hypogranulated neoplastic
eosinophils are observed in the aspirate (A, B) (Wright-Giemsa, original magnification
"100). The infiltrate predominantly consists of eosinophils in a background of fibrosis in
the biopsy (C, D) (Hematoxylin and Eosin, original magnification "400) as opposed to mas-
tocytosis whereby the predominant infiltrate is that of mast cells. (Courtesy of German A.
Pihan, MD, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, MA.)
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mutation in mastocytosis is also interestingly multilineage yet preferentially affects
mast cell expansion.25,26 The eosinophilia in mastocytosis is often not pathologic
and does not necessitate treatment. The presentation is that of systemic mastocyto-
sis, rather than that of clonal eosinophilia with end-organ damage.
In a paper from 2007 comparing the 2 entities (D816V-positive systemic mastocy-

tosis vs FIP1L1/PDGFRA-positive CEL), distinguishing features for CEL included the
degree of eosinophilia in relation to tryptase level, the absence of dense mast cell ag-
gregates, the degree of B12 elevation, pulmonary symptoms, and cardiac symp-
toms.16 Mastocytosis rather than CEL was more likely in those with elevated
tryptase to absolute eosinophil count ratio, dense mast cell aggregates on bone
marrow biopsy, gastrointestinal symptoms, urticaria pigmentosa, female sex, and
thrombocytosis. The 2 disorders can occasionally coexist, although it is very unusual
to exhibit both D816V c-Kit mutation and PDGFRA fusion concurrently.27

FUTURE DIRECTIONS
Therapies

Although some therapies are known to target both mast cell disease and eosino-
philia (systemic steroids, a-interferon), others are potentially used in one versus
the other disorder13,28,29; hence, distinguishing between entities is of vital impor-
tance with careful evaluation. Imatinib is useful in FIP1L1-PDGFRA fusion disease
but has no effect and theoretically can worsen c-Kit D816V-positive mastocytosis,
by selectively inhibiting the cells carrying the wild-type c-Kit.19,30,31 Conversely,
anti-IL5 therapy, although promising in HES,32 EoE,4 eosinophilic asthma33 (dis-
eases which all have a mast cell signature), remains to be studied in the treatment
of mastocytosis, which has associated eosinophilia. Omalizumab (anti-immunoglob-
ulin E therapy), although useful in allergic asthma,34,35 has not been carefully studied
in mastocytosis, although case reports have shown it to be useful in recurrent
anaphylaxis associated with mastocytosis.36 Finally, up and coming therapies,
such as midostaurin (PKC412), one of the tyrosine kinase inhibitors currently under
study, have reportedly been shown to help with both systemic mastocytosis and
associated eosinophilia.2

Bonemarrow transplantation is a last-resort therapy in themore aggressive andma-
lignant forms of both mastocytosis and eosinophilic disorders. Further papers on
experience with bone marrow transplant in these disorders (often written as case

Fig. 3. (A) Bone marrow biopsy in systemic mastocytosis, intermediate magnification (Hema-
toxylin and Eosin, 100") featuring atypical, spindle-shapedmast cells and intermingled eosin-
ophils surrounding a lymphoid aggregate. (B) Bone marrow biopsy in systemic mastocytosis,
high magnification (Hematoxylin and Eosin, 400") showing atypical, spindle-shaped mast
cells (M) with numerous intermingled eosinophils (E). (Courtesy of Charles W. Ross, MD, Uni-
versity of Michigan, Ann Arbor, MI.)

Kovalszki & Weller6



studies) will shed some light on both the cure rate and the complications related to
treating these disorders.
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